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1
WAVE PLATE

BACKGROUND OF THE INVENTION

1. Field of the Art

This invention relates to an optical element with an optical
multi-layer deposition film to serve as a phase plate, and an
optical pickup to which the optical element 1s applied.

2. Prior Art

Optical pickups are 1 general use for reproducing and
recording optical discs such as CD (compact disc), DVD
(Digital Versatile Disc) and the like. As an example of optical
pickup, there has been known an optical pickup system which
1s composed of a light source, collimator lens, polarized beam
splitter, A/4 phase plate, objective lens, condenser lens, and a
detector. In such an optical pickup system, a p-polarized light
beam (polarized 1n a direction parallel with a plane of inci-
dence) or an s-polarized light beam (polarized 1n a direction
perpendicular to p-polarized light) which is projected from a
light source i1s collimated into a parallel light beam by a
collimator lens and fed to a polarized beam splitter. The
polarized beam splitter transmaits either p- or s-polarized light
only while retlecting off other polarization components. (In
this particular case, the polarized beam splitter transmits
p-polarized light only and reflects oif s-polarized light.) The
p-polarized light component transmitted through the polar-
1zed beam splitter 1s fed to a A/4 phase plate. At the A/4 phase
plate, p-polarized light 1s converted into circularly polarized
light and converged to a spot on an optical disc by an objective
lens.

Circularly polarized light which 1s reflected off a disc sur-
face 1s passed through the objective lens as return light and
once more fed to the A/4 phase plate. At the A/4 phase plate,
the return light 1s converted from circularly polarized light to
s-polarized light, and resulting s-polarized light 1s fed to the
polarized beam splitter which has characteristics of retlecting,
off s-polarized light. The reflected s-polarized light 1is
directed toward a sensor for information reproducing or
recording purposes.

Thus, as described above, a A/4 phase plate 1s one of essen-
tial constituent elements of an optical pickup. By the A/4
phase plate, incident p- and s-polarized light components are
rotated to undergo a 90 degrees shift in phase. Therelore,
incident light 1s converted from linearly polarized light to
circularly polarized light. Similarly, the return light from a
disc undergo again a 90 degrees phase shiit through the A/4
phase plate, and thereby converted from circularly polarized
light to linearly polarized light. In this instance, on the way
from a light source, p-polarized light 1s shifted 90 degrees 1n
phase by the A/4 phase plate, and shifted again 90 degrees in
phase on the way back from an optical disc. That 1s to say, the
light beam which 1s fed to the polarized beam splitter as return
light 1s shifted 180 degrees 1in phase 1n total and converted to
s-polarized light, as compared with the p-polarized light
beam 1nitially projected from the light source.

On the other hand, there 1s a A/2 phase plate 1s used for a
180 degrees phase shift. By shifting the phase 180 degrees, a
/2 phase plate rotates the direction of polarization by 90
degrees.

In order to utilize functions of these A/4 and A/2 phase
plates (and other phase plates), it 1s necessary to use materials
of different refractive indices respectively for p- and s-polar-
ized light for the purpose of differentiating propagation
velocity of p-polarized light from that of s-polarized light. As
a material which can serve for this purpose, Japanese Laid-
Open Patent Application 2001-124925 discloses an optical
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film, while Japanese Laid-Open Patent Application
H3-78704 discloses quartz crystal.

Both the optical film and quartz crystal which are disclosed
in Japanese Laid-Open Patent Applications 2001-124925 and
H3-78704 have crystallinity and can function as a phase plate.
Namely, by the action of crystal axis formed 1n the film or
quartz crystal, a phase differential 1s established between
perpendicularly intersecting phase advancing axis and phase
retarding axis of incident light. That 1s to say, in these cases,
crystallinity 1s utilized for obtaining functions as a phase
plate. That 1s to say, 1n the case of conventional phase plates,
crystal axis has been necessary for performing functions as a
phase plate.

In the case of Japanese Laid-Open Patent Application
2001-124923, acyclic polyolefin-base resin film 1s bonded on
a surface of a substrate for the purpose of improving heat
resistance and hygroscopic property as a phase plate. How-
ever, the cyclic polyolefin-base resin film itself has a large
thermal expansion coellicient, so that 1t causes distortions of
the film as well as degradations of optical characteristics
under high temperature conditions. Therefore, for an optical
f1lm to function as a phase plate, 1t still has problems from the
standpoint of weatherability. Besides, 1n the case of Japanese
Laid-Open Patent Application H3-78704 using quartz crystal
as a phase plate material, 1t 1s difficult to realize phase plates
of a large size due to difliculties of obtaining crystals with a
large surface area.

SUMMARY OF THE INVENTION

With the foregoing situations 1n view, 1t 1s an object of the
present invention to provide an optical element with an opti-
cal multi-layer deposition film which can function as a phase
plate, without using quartz crystal or an optical film.

According to the present invention, 1n order to achieve the
above-stated objective, there 1s provided an optical element
having a plane coated with an optical multi-layer coating
formed by alternately depositing a high refractivity layer and
a low refractivity layer one on another, the plane being set up
by way of a perpendicularly intersecting plane located on
perpendicularly intersecting X- and Y-axes in perpendicu-
larly intersecting relation with optical axis of an incident light
beam on the optical multi-layer coating, and the perpendicu-
larly intersecting plane being inclined through a predeter-
mined angle about the X- and/or Y-axis to establish a phase
differential between two linearly polarized components of the
incident light beam.

In the case of the optical element just described, regarding
the optical axis as Z-axis, a plane of incidence of the incident
light beam on the optical multi-layer coating or the optical
multi-layer coating 1tself 1s rotated about the Z-axis through a
predetermined angle to let the optical multi-layer coating
function as a phase plate.

According to the present invention, there 1s also provided
an optical element, which comprises: first and second optical
multi-layer coatings each being formed by alternately depos-
iting a high refractivity layer and a low refractivity film one on
another; a first inclined plane set up by way of a perpendicu-
larly mtersecting plane located on perpendicularly intersect-
ing X- and Y-axis in perpendicularly intersecting relation with
optical axis of an incident light beam on the first and second
optical multi-layer coating and inclined through a predeter-
mined angle about the X- and/or Y-axis; and a second inclined
plane inclined through a predetermined angle about the X-
and/or Y-axis 1n an opposite direction to take a symmetrical
position relative to the first inclined plane; the first optical
multi-layer coating being deposited on the first inclined plane
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and the second optical multi-layer coating being deposited on
the second inclined plane to establish a predetermined phase
differential between two linearly intersecting polarized com-
ponents of a light beam incident on the first and second optical
multi-layer coatings.

In the case of the optical element just described, regarding
the optical axis as Z-axis, the first inclined plane 1s rotated
about the Z-axis through a predetermined angle relative to a
first plane of incidence defined by a normal to the first incline
plane and the optical axis to provide a first rotated inclined
plane, and the second inclined plane i1s rotated about the
Z-axis through a predetermined angle relative to a second
plane of incidence defined by a normal to the second inclined
plane and the optical axis, the first and second optical multi-
layer coatings being formed on the first and second rotated
inclined planes, respectively, to let the optical multi-layer
coatings function as a phase plate.

Further, according to the present invention, there 1s pro-
vided an optical pickup employing any one of optical ele-
ments described above, comprising, 1n combination with the
optical element adapted to function as a A/4 phase plate, a
light source adapted to emit an X-polarized light beam polar-
ized 1n the direction of X-axis or a Y-polarized light beam
polarized 1n the direction of Y-axis, a polarized beam splitter
adapted to transmit one of X- and Y-polarized light beams and
to reflect off the other one of the X- and Y-polarized light
beams, an objective lens adapted to converge a transmitted
light beam from the optical element toward a disc surface, and
a sensor adapted to detect return light from the objective lens.

Further, according to the present invention, there 1s also
provided an optical pickup employing any one of optical
clements described above, comprising, 1n combination with
the optical element adapted to function as a A/4 phase plate, a
light source adapted to emit an X-polarized light beam polar-
1zed 1n the direction of X-axis or a Y-polarized light beam
polarized 1n the direction of Y-axis, a holographic polarized
clement adapted to validate or invalidate a diffracting action
depending upon direction of polarization of an incident light
beam, an objective lens adapted to converge a transmitted
light beam from the optical element toward a disc surface, and
a sensor adapted to detect return light from the objective lens.

The above and other objects, features and advantages of the
present invention will become apparent from the following
particular description of preferred embodiments shown 1n the
accompanying drawings. Needless to say, the present mnven-
tion should not be construed as being limited to particular
forms shown 1n the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s a schematic perspective view ol an optical ele-
ment;

FIG. 2 1s a schematic perspective view showing a perpen-
dicularly tersecting plane, inclined plane and rotated
inclined plane;

FIG. 3 1s a schematic perspective view ol an optical ele-
ment 1n Example 1;

FI1G. 4 1s a schematic perspective view showing a perpen-
dicularly intersecting plane, inclined plane and rotated
inclined plane 1n Example 1;

FIG. 5 1s a schematic illustration of an optical pickup
employing an optical element according to the present mnven-
tion; and
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FIG. 6 1s a schematic 1llustration of an optical pickup with
a holographic polarized element, adopted another example of
application of an optical element according to the present
invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Hereaftter, the present mnvention 1s described more particu-
larly by way of 1ts preferred embodiments. FIG. 1 shows an
optical element 10 which 1s adapted to function as a A/4 phase
plate, while FIGS. 2(a) and 2(b) show the manner of control-
ling angle of an optical multi-layer coating 11 formed on the
optical element 10. More specifically, FIG. 1(a) shows an
optical multi-layer coating 11 on the optical element 10,
while FIG. 1(5) shows the optical multi-layer coating 11
deposited on a plane on perpendicularly intersecting X-, Y-
and Z-axes. (A plane which 1s demarcated by a broken line 1n
FIG. 1(b), that1s, an X-Y plane at Z=0.) In FIG. 1, the optical
clement 10 of the this embodiment has a planer optical multi-
layer coating 11 internally of a substrate, for example, inter-
nally of a glass substrate in the shape of a rectangular paral-
lelopiped or cube (a cubic substrate in the case of this
particular embodiment). The optical multi-layer coating 11
can also be applied to a surface of a substrate. For the reasons
as will be explained later on, the optical element 10 can
perform functions of an arbitrary phase plate. For example, 1t
can serve for functions of various phase plates including A/4
and A/2 phase plates. In this particular case, the optical ele-
ment 10 1s adapted to function as a A/4 phase plate. In the
present invention, the term “phase plate” includes A/4 phase
plate and A/2 phase plate.

In the drawing, the optical element 10 1s shown 1n relation
with three perpendicularly intersecting axes X, Y and Z (all of
axes X, Y and Z intersect with each other at right angles). The
direction of Z-axis coincides with that of optical axis of a light
beam incident on the optical element 10 (hereinafter referred
to as “incident beam” for brevity). The perpendicularly inter-
secting X- and Y-axes are located on an imaginary plane
which perpendicularly intersects Z-axis. In this instance, the
direction of polarization of p-polarized light incident on the
optical element 10 (as well as the direction of polarization of
p-polarized light projected from a light source) coincides
with Y-axis, while the direction of polarization of s-polarized
light coincides with X-axis. Namely, the incident beam on the
optical element 10 can be composed of a component which 1s
polarized 1n the direction of X-axis (X-polarized light), and a
component which 1s polarized 1n the direction of Y-axis
(Y-polarized light). In this particular case, however, the light
beam incident on the optical element 10 1s composed of
Y-polarized light (p-polarized light) alone. For example, an
optical pickup system 1s normally arranged 1n such a way as
to feed a A/4 plate with a light beam which has been trans-
mitted through a polarized beam splitter. A light beam which
has been transmitted through a polarized beam splitter 1s
linearly polarized light, that is, either p-polarized light (the
case of the particular embodiment shown) or s-polarized
light. Thus, the incident light beam on the optical element 10
consists ol p-polarized light alone and contains no s-polarized
light.

In order to function as a A/4 phase plate, the optical element
10 1s required to satisiy at least two conditions, namely, (1) to
be able to make shifts to establish a 90 degrees phase difier-
ential between perpendicularly intersecting polarized light
components (p- and s-polarized components) in a light beam
incident on the optical element 10 and (2) to be able to rotate
an optical multi-layer coating 11 through a predetermined
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angle relative to a plane of incidence of the optical multi-layer
coating 11. In order to satisiy the condition (1) above, 1t 1s
necessary to deposit a high refractivity film layer and a low
refractivity film layer alternately on a substrate in such a way
as to create a 90 degrees phase differential between p- and °
s-polarized light components of an incident beam. An optical
layer construction which functions to satisfy the condition (1)
can be realized through selection of materals for the high and
low refractivity deposition layers (1.€., selection of materials
with an aimed refractivity), and control of thicknesses of the 10

high and low refractivity layers and number of alternately
deposited high and low refractivity layers.

For instance, 1n a case where tantalum oxide and silicon
oxide are selected as materials for the high and low refractiv-
ity layers, respectively, the thickness of deposition layers can
be controlled through control of the deposition time of each
material, while a desired number of deposition layers can be
obtained by controlling the number of deposition cycles. In
this regard, 1n order to secure functions to satisiy the condi-
tion (1) above, 1t 1s necessary for an optical multi-layer coat-
ing 11 to have approximately one hundred layers 1n case an
angle of incidence of an 1incident beam on the optical multi-
layer coating 11 1s 30 degrees. Of course, the number of layers
in the optical multi-layer coating 11 1s increased or reduced
depending upon the kinds or properties and thicknesses of the
high and low refractivity layers, and angle of incidence of an
incident beam.
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Now, 1n order for the optical element 10 to function as a A/4
phase plate, 1n addition of deposition of an optical multi-layer
coating 11 which satisty the condition (1) above, 1t 1s a man-
datory requisite to rotate the optical multi-layer coating 11
through a predetermined angle relative to a plane of incidence
of an 1ncident beam (the condition (2) above).

30

In the first place, as shown 1n FIG. 2(a), a perpendicularly ;s
intersecting plane 13 1s seton X-Y axes (an X-Y plane at Z=0)
in perpendicularly intersecting relation with Z-axis. In this
case, a plane of incidence 1s not formed since the optical axis
of an incident beam (Z-axis) 1s normal to the perpendicularly
intersecting plane 13. Therefore, as shown in FIG. 2(b), an 4,
inclined plane 14 which 1s inclined 30 degrees about X-axis
and/or Y-axis (inclined 30 degrees about X-axis in the case of
the particular example shown) 1s set 1n place of the perpen-
dicularly intersecting plane 13 (by inclining a normal to the
perpendicularly intersecting plane 13 30 degrees about 45
X-axi1s). A plane of incidence N 1s formed by a normal n to the
inclined plane 14 and an optical axis (Z-axis) of an incident
beam. The inclined plane 14 1s inclined 30 degrees about
X-axis 1n the case of FIG. 2. However, 1t may be inclined
through an arbitrary angle about either X- or Y-axis or it may s
be 1inclined through an arbitrary angle about both of X- and
Y-axes.

In case the above-mentioned optical multi-layer coating 11
1s deposited on the inclined plane 14, which 1s inclined 30
degrees about X-axis, a difference in propagation velocity 55
occurs between p-polarized light (X-polarized light) and
s-polarized light (Y-polarized light). Namely, since the plane
14 1s inclined 30 degrees about X-axis, the optical multi-layer
coating 11 has different indices of refraction for p- and s-po-
larized light components. In the case of the particular embodi- 60
ment shown, an incident light beam on the optical element 10
1s all p-polarized light. However, 1n case an incident light
beam on the optical multi-layer coating 11 contains perpen-
dicularly intersecting p- and s-polarized light components, a
phase differential can be established between the p- and s-po- 65
larized components by controlling to this effect the design or
construction of the coating 11 (including selection of depo-

6

sition substances, control of thicknesses of respective layers,
and control of deposition layers).

On the other hand, as mentioned above, the incident light
beam on the optical element 10 1s all p-polarized light and
contains no s-polarized light. Accordingly, 1n this case the
optical multi-layer coating 11 1s formed on the inclined plane
14 cannot perform the functions of creating a 90 degrees
phase differential between p- and s-polarized components
because the incident beam 1s all p-polarized light as men-
tioned above. Namely, in this case, p-polarized light incident
on the optical multi-layer coating 11 1s transmitted as it is.
Thus, 1n this case, transmitted light 1s not converted into
circularly polarized light, and the optical element 10 does not
function as a A/4 phase plate.

This can be coped with by rotating the plane of incidence N
about Z-axis relative to the inclined plane 14 so that an 1nci-
dent beam becomes linearly polarized light containing not
only p-polarized light but also s-polarized light. Namely,
observing this from the side of the inclined plane 14, a light
beam incident on the inclined plane 14 undergoes a change in
direction of polarization. In this instance, by controlling the
angle of rotation of the plane of incidence N, it 1s possible to
let the optical element function as a A/4 phase plate to create
a phase differential between p- and s-polarized components.

However, a light beam 1ncident on the optical element 10 1s
a beam which mvariably has 1ts optical axis on Z-axis and
which 1s p-polarized with regard to the direction of polariza-
tion. Accordingly, for the light beam i1ncident on the optical
clement 10, the plane of incidence N 1itself cannot be rotated.
Instead of rotating the plane of incidence N, the inclined plane
14 1s rotated to form a rotated inclined plane 15. Namely,
relative to the plane of incidence N which 1s fixed, the inclined
plane 14 i1s rotated. By so doing, it becomes possible to
virtually rotate the plane of incidence N relative to the
inclined plane 14. Atthis time, the inclined plane 14 1s rotated
relative to the fixed plane of incidence N through a predeter-
mined angle (through 45 degrees in the case of the particular
embodiment shown). Thereatter, an optical multi-layer coat-
ing 11 1s formed on the rotated inclined plane 15. A light beam
incident on the optical multi-layer coating 11 1s transmitted
through, making p-polarized light act as a phase advancing or
retarding axis and s-polarized light as a phase retarding or
advancing axis (in this case, p-polarized light acts as a phase
advancing axis while s-polarized light acts as a phase retard-
ing axis). Upon transmission, a 90 degrees phase differential
1s established between p- and s-polarized components of
transmitted light, so that transmaitted light 1s converted to
circularly polarized light. Thus, despite absence of a crystal
ax1s, phase advancing and retarding axes can be provided. In
order to let p-polarized light act as a phase advancing or
retarding axis and s-polarized light as a phase retarding or
advancing axis, 1t suffices to rotate the inclined plane 14
relative to the plane of incidence N. It follows that, in case a
light source 1s rotatable (1.e., 1n case direction of polarization
of a light beam from a light source 1s rotatable), there 1s no
need for rotating the inclined plane 14.

Thus, the present invention succeeded in realizing a A/4
plate by the use of an optical multi-layer coating instead of
using quartz crystal or an optical film medium, 1.e., (1) by
forming an optical multi-layer coating capable of establishing
a 90 degrees phase differential between p- and s-polarized
light components and (2) rotating the optical multi-layer coat-
ing and a plane of incidence of the optical multi-layer coating
11 to an angular position suitable for functioning as a A/4
phase plate. In this instance, 1t 1s possible to let the optical
clement 10 function as a A/2 phase plate, (1) by forming the
optical multi-layer coating 11 1n a layer construction so
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arranged as to establish a 180 degrees phase differential
between p- and s-polarized components, and (2) by rotating
the optical multi-layer coating 11 through a predetermined
angle relative to the plane of incidence to the optical multi-
layer coating. Of course, 1t 1s possible to realize a A/8 phase
plate or other arbitrary phase plate by the use of an optical
clement which satisfies the conditions (1) and (2) above.

In the present embodiment, by way of example the optical
multi-layer coating 11 1s formed on an optical element 10 of
a cubic shape. Of course, the optical multi-layer coating 11
may be formed on a flat plate-like substrate. In any case, the
optical multi-layer coating 11 should be inclined and rotated
through a predetermined suitable angle to function as a phase
plate.

Further, the optical element 10 1n the present embodiment
can be reduced 1n thickness. For instance, the thickness of the
optical element 10 1n the direction of Z-axis in FIG. 1 can be
halved by folding back the optical multi-layer coating 11 at
the boundaries of an X-Z plane. Namely, the thickness of the
optical element 10 can be halved by folding the optical multi-
layer coating 11 through the same angle 1n the opposite direc-
tion at the top of an X-Z plane. I folded 1n series three times
or at three positions, the thickness can be minimized to 4. Of
course, the thickness can be further minimized by increasing
the number of folding positions.

As explained above, according to the present embodiment,
functions of a phase plate can be obtained by the use of an
optical multi-layer coating, without using quartz crystal or an
optical film. Thus, 1t becomes possible to fabricate large
phase plates of excellent weatherability.

Example 1

This example deals with an optical element 20 which has a
couple of optical multi-layer coatings, 1.e., a first optical
multi-layer coating 21 and a second optical multi-layer coat-
ing 22. The optical element 20 of this example differs from
the optical element 10 of the above-described embodiment in
that 1t has two optical multi-layer coatings. The optical ele-
ment 20 1s adapted to function as a A/4 phase plate which
converts linearly polarized light to circularly polarized light.
A light beam incident on the optical element 20 1s converted
from linearly polarized light to circularly polarized light by
transmission through the two optical multi-layer coatings,
namely, through the first and second optical multi-layer coat-
ings 21 and 22. In this case, the optical axis of a light beam
incident on the optical element 20 also coincides with Z-axis,
and perpendicularly intersecting X- and Y-axes are set on an
X-Y plane which perpendicularly intersects Z-axis. Further, a
light beam 1incident on the optical element 20 1s linearly
polarized light which 1s polarized only 1n one direction (p-po-
larized light 1n this case).

In order for the optical element 20 to function as a A/4
phase plate, similarly to the optical element 10 of the above-
described embodiment, it 1s required to meet the following
two conditions, 1.e., (1) to be able to establish a 90 degrees
phase differential between perpendicularly intersecting
polarized components (between p- and s-polarized compo-
nents) ol a light beam 1ncident on the optical element 20, and
(2) to be able rotate the first and second optical multi-layer
coatings 21 and 22 through a predetermined angle relative to
a plane of mcidence of a light beam 1ncident on the first and
second optical multi-layer coatings 21 and 22. In order to
satisty the condition (1) above, each one of the first and
second optical multi-layer coatings 21 and 22 should have a
multi-layer construction which 1s formed by alternately
depositing a layer of high refractivity material and a layer of
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low refractivity material one on another. In this regard, the
optical element 10 of the above-described embodiment 1s
arranged to establish a 90 degrees phase differential between
p- and s-polarized components of an incident beam by the use
of a single optical multi-layer coating 11. However, 1n this
Example 1, the first and second optical multi-layer coatings
21 and 22 are so arranged as to function collectively and
cooperatively to establish a 90 degrees phase differential
between p- and s-polarized components of an incident beam.
Namely, in this case, each one of the first and second optical
multi-layer coatings 21 and 22 1s arranged to establish a 45
degrees phase differential between p- and s-polarized com-
ponents (1.e., each functioning as a A/8 phase plate).

Now, 1n order to satisty the condition (2) above, a perpen-
dicularly intersecting plane 23 1s imaginarily set on an X-Y
plane at Z=0 as shown 1n FIG. 4(a). Then, as shown 1n FIG.
4(b), the perpendicularly intersecting plane 23 1s inclined
about X-axis through a predetermined angle to make a first
inclined plane 24A (inclined 30 degrees 1n the case of the
particular example shown). Simultaneously, the perpendicu-
larly intersecting plane 24 1s inclined about X-axis through
the same angle but in the opposite direction as compared with
the first inclined plane 24A to make a second inclined plane
248 (inclined -30 degrees in the case of the particular
example shown). Thus, the first and second inclined planes
24A and 24B are disposed symmetrically on the opposite
sides of the perpendicularly intersecting plane 24. In this
instance, when a light beam containing p- and s-polarized
components 1s cast on the first and second optical multi-layer
coatings 21 and 22, 1t 1s possible to make a predetermined
phase differential between p- and s-polarized components of
the incident beam 1n case the first and second optical multi-
layer coatings 21 and 22 are formed on the first and second
inclined planes 24 A and 24B, respectively. Namely, similarly
to the above-described embodiment, 1t 1s possible to establish
a phase differential between p- and s-components which have
different indices of refractivity and thus differ from each other
in propagation velocity. It 1s necessary to control the proper-
ties and construction of the optical multi-layer coatings 21
and 22 (including selection of deposition materials, control of
layer thickness, control of the number of deposition layers)
and to control the angle of inclination as well 1n order to
establish an aimed phase differential between p- and s-polar-
1zed components.

On the other hand, 1n the case of the present Example,
linearly polarized light containing p-polarized light alone 1s
ted to the first and second inclined planes 24 A and 24B. In this
case, 1t 1s 1impossible to establish a 90 degrees phase differ-
ential between p- and s-polarized components because the
incident light beam contains no s-polarized light.

Therefore, a rotated inclined plane 24 A 1s set up by rotating,
the first inclined plane 24A through a certamn angle (45
degrees 1n the case of the particular example shown) relative
to a first plane of incidence N1 which 1s formed by a normal
nl to the first inclined plane 24 and the optical axis, and
another rotated inclined plane 25B 1s set up by rotating the
second inclined plane 24B through a certain angle (45 degrees
in the case of the particular example shown) relative to a
second plane of incidence N2 (which 1s shown 1n the drawing
in a translated position). A first optical multi-layer coating 21
1s deposited on the rotated inclined plane 25A while a second
optical multi-layer coating 22 1s deposited on the rotated
inclined plane 25B, obtaining an optical element 20 as shown
in FIG. 3. Shown 1n FIG. 3(a) 1s an optical element 20 on
which the first and second optical multi-layer coatings are
tformed, while shown 1 FIG. 3(b) are the first and second
optical multi-layer coatings 21 and 22 1n relation with the
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perpendicularly mtersecting axes X, Y and Z. A plane which
1s demarcated by a broken line in FIG. 3(b) 1s an X-Y plane at
7=0.

Both the first rotated inclined plane 25A and the second
rotated 1nclined plane 25B are rotated through a predeter-
mined angle relative to the first and second planes of inci-
dence N1 and N2, respectively. Therelfore, of a light beam
which 1s incident on the first and second optical multi-layer
coatings 21 and 22, p-polarized component 1s transmitted as
a phase advancing or retarding axis while s-polarized com-
ponent 1s transmitted as a phase retarding or advancing axis.
In this case, there 1s a 90 degrees phase differential between p-
and s-polarized components of transmitted light. Thus, with-
out using a crystal axis, the optical element 1s imparted with
functions of phase advancing and retarding axes.

In this Example, 1n order to let a p-polarized component act
as a phase advancing or retarding axis and an s-polarized
component as a phase retarding or advancing axis, similarly 1t
suifices to rotate the first and second inclined planes 24 A and
24B relative to the first and second planes of incidence N1 and
N2, respectively. Therefore, 1n case a light source 1s rotatable
(1.e., 1f direction of polarization of a light beam from a light
source 1s rotatable), there 1s no need for rotating the inclined
planes 24 A and 24B.

Of course, even 1n this Example, it 1s possible to let the
optical element 20 function as a A/2 phase plate, a A/4 phase
plate or other arbitrary phase plate (1) through control of the
multi-layer construction of the first and second optical multi-
layer coatings 21 and 22 and (2) through control of the rota-
tion angle of the first and second optical multi-layer coatings
21 and 22.

As compared with the optical element 10 of the above
described embodiment, the optical element 20 of this
Example (with a couple of optical coatings) 1s superior from
the standpoint of angle dependency. Namely, the first optical
multi-layer coating 21 of the optical element 20 1s inclined
and rotated relative to an incident light beam to give rise to
angle dependency. However, since the second optical multi-
layer coating 22 1s formed symmetrically relative to the first
optical multi-layer coating 21, it has an effect of canceling the
angle dependency arising from the first optical multi-layer
coating 21. Thus, the optical element 20 1s superior 1n angle
dependency.

Further, even 1n this Example, instead of the cubic optical
clement 20, the first and second optical multi-layer coating 21
and 22 may be formed on a substrate of a flat plate-like shape.

According to the present Example, as described above, a
phase plate can be realized by the use of optical multi-layer
coatings without using an optical film or quartz crystal, mak-
ing 1t possible to fabricate large phase plates with excellent
weatherability.

Example 2

Shown 1n FIG. 5 1s an example of application of the optical
clement 10 of FIG. 1 to an optical pickup to serve as a A/4
phase plate. In addition to the optical element 10, the optical
pickup of FIG. 5 includes a light source 51, a collimator lens
52, a polarized beam splitter 53, an objective lens 55, an
optical disc 56, a converging lens 57 and a sensor 58. Of
course, the optical pickup of FIG. 5 1s merely one example,
and 1t 1s to be understood that the present invention 1s not
limited to a particular example shown.

The light source 51 1s a laser light source which emits a
beam of p-polarized light (Y-polarized light) or s-polarized
light (X-polarized light). A light beam projected from the
light source 31 1s collimated by a collimator lens 52. In this
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instance, a beam of p-polarized light 1s projected from the
light source 31. A parallel light beam coming out of the
collimator lens 52 1s fed to a polarized beam splitter 53 with
characteristics of transmitting one of p- and s-polarized com-
ponents of an incident light beam, while reflecting off the
other component. In this particular case, the polarized beam
splitter 33 has characteristics of transmitting p-polarized light
and reflecting off s-polarized light. Thus, the p-polarized light
incident on the polarized beam splitter 33 1s transmitted as 1t
1s, and fed to the optical element 10.

Since (1) the optical multi-layer coating 11 on the optical
clement 10 1s arranged to establish a 90 degrees phase ditfer-
ential between p- and s-polarized light and (2) the optical
multi-layer coating 11 1s rotated in such a way as to rotate a
plane of incidence of the optical element 10 about the optical
axis of an incident light beam, p-polarized light incident on
the optical element 10 undergoes a change in direction of
polarization. As this time, p-polarized light 1s transmitted as a
phase advancing or retarding axis (as a phase advancing axis
in this case) and s-polarized light 1s transmitted as a phase
retarding or advancing axis (as a phase retarding axis 1n this
case), bringing about a 90 degrees phase diflerential between
p- and s-polarized components 1n transmitted light. As a
consequence, linearly polarized (p-polarized) incident light 1s
converted into circularly polarized light on transmission
through the optical element 10.

Circularly polarized light 1s then converged toward a spot
on a surface of an optical disc 56 by an objective lens 55.
Reflected return light from the disc 56 1s fed back to the
optical element 10 from the objective lens 35. For the same
reasons as explained above, return light incident on the opti-
cal element 10 1s shifted 90 degrees in phase and converted
from circularly polarized light to linearly polarized light. At
this time, linearly polarized light coming out of the optical
clement 10 has been shifted 180 degrees 1n phase 1n total as
compared with p-polarized light initially projected from the
light source 51, and therefore has been converted from p-po-
larized light to s-polarized light. Accordingly, s-polarized
light from the optical element 10 1s retlected off by the polar-
1zed beam splitter 53 to turn the light path through 90 degrees
and converged toward a sensor 38 by a condensing lens 57.

As described above, the optical element 10 can be applied
to optical pickups. Of course, needless to say, the optical
clement 20 of Example 1 can be similarly applied to optical
pickups.

Example 3

In this case, the optical element 10 which 1s arranged to
function as a A/4 phase plate 1s applied to an optical pickup
employing a holographic polarized element. In the case of an
optical pickup using a holographic polanzed element as
shown 1n FIG. 6, 1n addition to the optical element 10 of the
above-described embodiment, the optical pickup system
includes a light source 61, holographic polarized element 62,
collimator lens 63, objective lens 64, disc 65 and sensor 66.
Shown 1n FIG. 6 1s only an example of optical pickup, and of
course application of the present invention 1s not limited to the
particular optical pickup construction shown.

In FIG. 6, p-polarized light (Y-polarized light) or s-polar-
1zed light (X-polarized light) 1s projected from a light source
61. In thus particular case, p-polarized light 1s projected from
the light source 61 and fed to a holographic polarized element
62 with a diffraction grating. Diflracting action of the holo-
graphic polarized element 62 i1s invalidated when incident
light 1s p-polarized light, and validated when 1incident light 1s
s-polarized light. Namely, diffraction occurs to s-polarized
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light but not to p-polarized light. Accordingly, p-polarized
light projected from the light source 61 1s transmitted through
the holographic polarized element 62 without being dif-
fracted, and collimated 1nto a parallel beam by the collimator
lens 63 and fed to the optical element 10. Since the optical
clement 10 functions as a A/4 phase plate, p-polarized light 1s
converted to circularly polarized light, and converged toward
adisc 65 by an objective lens 64. Light reflection from the disc
65 1s fed to the optical element 10 again as return light via the
objective lens 64. By the optical element 10, circularly polar-
ized light 1s converted to s-polarized light, which 1s colli-
mated into a parallel beam by the collimator lens 63 and fed
to the holographic polarized element 62. Since the incident
light beam 1s s-polarized light, 1t 1s diffracted by the holo-
graphic polarized element 62 to turn its light path toward the
sensor 66.

As described above, the optical element 10 can be applied
to an optical pickup with a holographic polarized element.

What 1s claimed 1s:

1. A wave plate having a plane of light incidence coated
with an optical multi-layer coating formed by alternately
laminating a high refractivity layer and a low refractivity
layer one on another and to transmit one of perpendicularly
intersecting polarized components of an incident light beam
as a phase advancing axis and to transmit the other polarized
component as a phase retarding axis, said plane being set up
as a perpendicularly intersecting plane located on perpen-
dicularly intersecting X- and Y-axes 1n perpendicularly inter-
secting relation with optical axis of an incident light beam on
said optical multi-layer coating, and said perpendicularly
intersecting plane being inclined through a predetermined
angle relative to said X- and/or Y-axis and rotated through a
predetermined angle about a Z-axis corresponding to said
optical axis of an incident light beam to let said optical multi-
layer coating function as a phase plate.

2. A wave plate as defined 1n claim 1, wherein said phase
plate comprises a A/4 phase plate.

3. A wave plate as defined 1n claim 1, wherein said phase
plate comprises a A/2 phase plate.

4. An optical pickup employing a wave plate as recited in
claam 1, comprising, in combination with said wave plate
which comprises a A/4 phase plate, a light source to emit an
X-polarized light beam polarized 1n the direction of X-axis or
a Y-polarized light beam polarized in the direction of Y-axis,
a polanized beam splitter to transmit one of X- and Y-polar-
1zed light beams and to reflect off the other one of said X-and
Y-polarized light beams, an objective lens to converge a trans-
mitted light beam from said wave plate toward a disc surface,
and a sensor to detect return light from said objective lens.

5. An optical pickup employing a wave plate as recited in
claiam 1, comprising, in combination with said wave plate
which comprises a A/4 phase plate, a light source to emit an
X-polarized light beam polarized 1n the direction of X-axis or
a Y-polarized light beam polarized in the direction of Y-axis,
a holographic polarized element to validate or invalidate a
diffracting action depending upon direction of polarization of
an 1incident light beam, an objective lens to converge a trans-
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mitted light beam from said wave plate toward a disc surface,
and a sensor to detect return light from said objective lens.

6. A wave plate, comprising;:

first and second optical multi-layer coatings each being
formed by alternately laminating a high refractivity
layer and a low refractivity film one on another and to
transmit one of perpendicularly intersecting polarized
components of an incident light beam as a phase advanc-
ing axis and to transmait the other polarized component
as a phone retarding axis;

a first inclined plane set up as a perpendicularly intersect-
ing plane located on perpendicularly intersecting X- and
Y-axis 1n perpendicularly intersecting relation with opti-
cal axis of an 1incident light beam on said first and second
optical multi-layer coating and 1nclined through a pre-
determined angle about said X- and/or Y-axis; and

a second inclined plane inclined through a predetermined
angle about said X- and/or Y-axis 1n an opposite direc-
tion to take a symmetrical position relative to said first
inclined plane,

wherein regarding said optical axis as Z-axis, said {first
inclined plane 1s rotated about said Z-axis through a
predetermined angle relative to a first plane of incidence
defined by a normal to said first incline plane and said
optical axis to provide a first rotated inclined plane, and
said second inclined plane 1s rotated about said Z-axis
through a predetermined angle relative to a second plane
of incidence defined by a normal to said second inclined
plane and said optical axis, said first and second optical
multi-layer coatings being formed on said first and sec-
ond rotated inclined planes, to let said optical multi-
layer coatings function as a phase plate.

7. A wave plate as defined 1n claim 6, wherein said phase

plate comprises a A/4 phase plate.

8. A wave plate as defined in claim 6, wherein said phase
plate comprises a A/2 phase plate.

9. An optical pickup employing a wave plate as recited 1n
claim 6, comprising, 1n combination with said wave plate
which comprises a A/4 phase plate, a light source to emit an
X-polanized light beam polarized 1n the direction of X-axis or
a Y-polarized light beam polarized in the direction of Y-axis,
a polarized beam splitter to transmit one of X- and Y-polar-
1zed light beams and to reflect oif the other one of said X- and
Y-polarized light beams, an objective lens to converge a trans-
mitted light beam from said wave plate toward a disc surface,
and a sensor to detect return light from said objective lens.

10. An optical pickup employing a wave plate as recited in
claim 6, comprising, 1n combination with said wave plate
which comprises a A/4 phase plate, a light source to emit an
X-polarized light beam polarized 1n the direction of X-axis or
a Y-polarized light beam polarized in the direction of Y-axis,
a holographic polarized element to validate or invalidate a
diffracting action depending upon direction of polarization of
an incident light beam, an objective lens to converge a trans-
mitted light beam from said wave plate toward a disc surtace,
and a sensor to detect return light from said objective lens.
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